INTRODUCTION
============

Hospital-acquired pressure injuries (HAPIs) are globally common, often preventable, costly, and associated with significant morbidity and mortality.[@bib1] The point prevalence estimate for pressure injuries (PIs) in Canadian acute care facilities was 25.1% (95% confidence interval, 23.8%--26.3%) in a systematic review published in 2004.[@bib2] The total net per-person adjusted cost of hospitalization for a HAPI was reported to be Can \$40,000 for a Stage II ulcer and Can \$90,000 for a Stage IV ulcer, based on data from the Ontario Case Costing Initiative database in 2013 using the European Pressure Ulcer Advisory Panel (EPUAP) staging system.[@bib3] The cost of dealing with PIs is increasing over time. For example, in the United Kingdom, the estimated annual total cost of managing PIs increased approximately 7-fold from 180 million to 321 million in 1993 to 1.4 billion to 2.1 billion in 2000.[@bib4] The financial burden of PIs on the United States healthcare system was estimated between \$6 and \$15 billion (USD) per year in 2012.[@bib5]

There are many preventive strategies that have been implemented over the years for PIs. Frequent repositioning of patients and pressure redistribution surfaces (either alone or in combination) have attracted the most interest as preventive strategies.[@bib6] These approaches, though, appear to be only partially effective and can be costly to implement. It is unclear if any strategy offers financial advantages compared with others. The ability to gauge the likely benefits of the available preventive strategies and compare their cost-effectiveness is essential to making evidence-based decisions about the selection and implementation of preferred methods.[@bib4]

The authors performed a narrative review of the literature published between 2004 and 2015 that reported on the costs of PIs and economic evaluations of prevention strategies in acute care. Their goals were to identify what prevention strategies had an economic evaluation, assess the relative strengths and weaknesses of the evaluations performed to date, and determine what future economic evaluations should incorporate.

METHODS
=======

Search Strategy
---------------

In September 2015, the authors conducted searches on Ovid, MEDLINE, NHS Economic Evaluation Databases, and the Cochrane Database of Systematic Reviews to identify potentially relevant original research articles and systematic reviews on the topic. The search terms "pressure ulcer," "pressure sore," "bedsore," "bed sore," "decubitus ulcer," and "decubitus sore" were combined with "cost-benefit analysis," "cost-effective analysis," "financial," "dollar," "expenditure," "models," "economic," and "health care costs" to identify potentially relevant publications.

Selection Criteria
------------------

Two reviewers independently examined the titles and abstracts of identified articles to classify potentially eligible articles for inclusion in the review. These citations were selected for full-text reviews. Selection criteria included the following: written in English, provision of data on cost or economic evaluations of preventive strategies for PIs in acute care/primary healthcare centers, and publication between January 2004 and September 2015. Studies that provided both the original data and systematic reviews were considered.

A single individual performed the full-text reviews. Reviewed articles were selected for inclusion in the narrative review if they provided clear descriptions of interventions, methods used, and outcomes. Data were abstracted from the articles using a standardized approach to evaluate how the items on the CHEERS (Consolidated Health Economic Evaluation Reporting Standards) checklist were addressed.[@bib7] All prices were converted and adjusted to 2015 Canadian dollars.

RESULTS
=======

The searches identified 192 citations. Review of titles and abstracts eliminated 149 of them. Thirty-three were chosen for full-text reviews. Nineteen of these articles provided original data with clear descriptions of interventions, study methods, and the economic outcomes considered and were included in the narrative review.[@bib3],[@bib4],[@bib8]--[@bib24] They are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Two systematic reviews were also identified.[@bib25],[@bib26] The remaining 12 articles were not retained because they did not provide either the original data/analyses or an explicit description of the methods used.
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Nine studies reported on the cost of HAPIs.[@bib3],[@bib4],[@bib8]--[@bib14] All of those studies originated from economically developed regions (Europe,[@bib4],[@bib8],[@bib11],[@bib12] North America,[@bib3],[@bib9],[@bib13] Australia[@bib10],[@bib14]), but heterogeneous approaches were taken to estimate and report costs. Notwithstanding these limitations, it was clear that the costs of HAPIs reported were stage-dependent (ie, higher with increasing grade) and high in total.[@bib3],[@bib4] As indicated by Chan et al,[@bib3] the net cost of a Stage II HAPI was Can \$44,000 and Can \$90,000 for a Stage IV HAPI from 2002 to 2006.

Ten studies provided economic evaluations (5 cost-effectiveness, 3 cost-benefit, 2 both) of approaches to the prevention of PIs.[@bib15]--[@bib24] Favorable outcomes from a bundle of PI prevention strategies were found in 2 studies that based cost estimates on statistical modeling using data from the literature.[@bib15],[@bib16] A combination of risk assessment, nutritional support, and repositioning resulted in an estimated net savings of Can \$55.12 per patient per day, a 9.3% decrease in PI incidence, and a 0.47% reduction in deaths in 2013.[@bib15] In the second study, pressure redistribution surfaces, nutritional support, repositioning, and moisture/incontinence control resulted in estimated net savings of Can \$3450.03 per hospitalization and a 1.90 increase in quality-adjusted life-years.[@bib16]

Economic evaluations of single approaches also concluded that implementation of the intervention would result in cost savings. Pressure redistribution surfaces were the modality most commonly studied. These studies typically compared various types of pressure redistribution surfaces with an active control.[@bib17]--[@bib20] In patients with spinal cord injuries requiring assistance with repositioning, a continuous computer-regulated mattress was found to be cost-effective if nurses were not able to frequently reposition patients.[@bib17]

Mattress overlays were reported to be a cost-effective intervention compared with replacing mattresses,[@bib17] whereas another study indicated that alternating pressure mattresses offered an economic advantage compared with alternating pressure overlays.[@bib19] An inflated static overlay was found to be less costly and as effective as either a microfluid static overlay or a low-air-loss dynamic mattress with pulsation.[@bib19] Pressure redistribution surfaces may be less costly than frequent repositioning programs (Can \$23 vs \$42 mean cost of prevention per day per patient, respectively).[@bib21] Other single approaches to prevent PIs (ie, dressings and nutritional support) also showed apparent financial benefits.[@bib22]--[@bib24] Some of these studies used statistical modeling for their economic evaluations,[@bib18],[@bib19] whereas others were at least partially based on collected data.[@bib17],[@bib20],[@bib21] The different methods used and the lack of a standard comparator made it impossible to compare across studies.

One of the identified systematic reviews examined the cost of preventing and treating PIs,[@bib25] whereas the other assessed economic evaluations embedded in randomized controlled trials (RCTs) of interventions to prevent or treat PIs.[@bib26] Both concluded that the cost of treating PIs was substantially higher than preventing them, but noted marked heterogeneity in the methods used in the published studies. For example, Demarre et al[@bib25] commented on the differences in study design, perspective taken, cost components considered, and outcomes examined in the available studies. Both suggested standardizing PI economic studies to improve both quality and usability. A number of recommendations, such as enhancing quality of data collection and reporting, were suggested by Demarre et al[@bib25] to improve study design and methods.

DISCUSSION
==========

The available evidence validates that PIs are costly and prevention is preferable to treating them once they occur. Beyond that observation, few conclusions can be made. Ideally, economic evaluations should be done concurrently with efficacy trials,[@bib3] but unfortunately there are few high-quality RCTs of interventions to either prevent or manage PIs.[@bib27] A common challenge to conducting high-quality RCTs as indicated by Palfreyman and Stone[@bib26] is the cost of these studies, noting that medical devices, unlike pharmaceuticals, do not require RCTs before they are approved for marketing. In addition, the relevance of results and internal validity of the economic evaluations being done need improvement.[@bib28],[@bib29] The costs collected and used in studies to date have been inconsistent.[@bib25],[@bib26] Although direct costs associated with the intervention and the care of patients, such as nursing care and consumables, are commonly included,[@bib15]--[@bib18],[@bib20]--[@bib23] some studies did not specifically identify cost components[@bib19] or included only the costs of the intervention.[@bib24] One included the cost of care outside the hospital,[@bib15] and another study incorporated unforeseen costs but did not specify them.[@bib16] Cost components of the intervention, such as cleaning and maintenance costs, were not consistently collected.[@bib18] What costs are included affects the outcomes of economic evaluations.[@bib25] This variability makes it impossible to accurately compare the cost-effectiveness of different PI prevention approaches.

Another challenge is that a number of the interventions for prevention are complex in nature and involve multiple components, such as training, nursing care, nutritional support, and/or use of technology. This complexity, especially if interventions are individually tailored to deal with identified risk factors, will raise challenges in their economic evaluation.

The authors acknowledge a number of limitations to their narrative review. Their focus was limited to economic evaluations performed to date on the prevention of PI in acute care, not on what approach should be taken to prevent PIs. The authors acknowledge that multicomponent interventions implemented by interdisciplinary teams are viewed as the standard of practice in the prevention in PIs.[@bib30],[@bib31] Comparing different preventive strategies, especially in isolation, across settings in various patient populations would be counter to the concept of customizing PI prevention interventions. Nearly all of the economic evaluations of PI prevention strategies come from more economically developed nations. One of the few available reports dealing with economically developing nations was a literature review of the prevalence, risks, costs, and solutions to PIs among spinal cord injury patients that did not meet the authors' inclusion criteria.[@bib32] Although the prevalence was high, the authors had difficulty obtaining accurate information, especially economic data. One of few published studies from a less economically developed region dealt with a cardiac hospital in Bangalore, India.[@bib33] A quality improvement strategy that included raising awareness, educating staff, improving documentation and communication, and implementing preventive practices, including those in operating rooms, led to a reduction in prevalence from 6% to zero over a 5-month period.[@bib33] No economic evaluation was done. Differences in patient populations (and inherent risk for PIs), available resources, labor costs, and other factors emphasize the need for caution in extrapolating results from one setting or country to another.

There are emerging approaches to the prevention of PIs that have not been studied from a cost perspective and may offer advantages. An example of this was continuous monitoring with feedback of interface pressure distribution. This type of technology monitors the interface pressure of patients and could alert caregivers on the need for repositioning a patient and guide how it is done.[@bib34]--[@bib36]

Based on the authors' review of the literature, a number of recommendations (Table [3](#T3){ref-type="table"})[@bib7],[@bib25],[@bib26],[@bib37] to improve on the economic evaluations of approaches to prevent HAPIs were made. The authors believe this information is needed to support rational decisions about PI prevention.
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CONCLUSIONS
===========

In summary, HAPIs are a common and costly challenge for healthcare systems. Various PI prevention approaches, including pressure redistribution mattresses or overlays, specialized bandages, and nutrition, whether used as single interventions or in a combined manner, have been reported to be cost-effective in at least some studies. However, methodologic limitations including study design heterogeneity, differences in cost components, and intervention complexity undermine our ability to make firm conclusions about the extent of their cost-effectiveness. In addition, the lack of a common methodology prevents the confirmation of promising results found in 1 study or comparing approaches and/or results across studies. The authors suggest that economic evaluation of strategies to prevent HAPIs should be done concurrently with RCTs and conducted in less, as well as more, economically developed nations.

In addition, future economic evaluations of approaches to the prevention of PIs should use explicit, standardized, and appropriate methodology that will allow comparisons of the consequences of alternative courses of action.[@bib38]

PRACTICE PEARLS
---------------

-   To date, the economic evaluations of PI prevention strategies used as a single or combined intervention are methodologically limited.

-   A lack of an explicit and standardized approach in conducting economic evaluations makes it difficult to compare approaches and results across studies. Few evidence-based conclusions can be made from the current literature.

-   Standardized and methodologically sound economic evaluations of strategies to prevent HAPIs should be conducted concurrently with efficacy trials.

-   Future economic evaluations of PI prevention strategies should allow for comparisons of alternative courses of action in terms of the cost of preventing PIs.
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